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20.  Abstract 


Pursuant  to  Public  Law  92-367,  Phase  I Inspection  Reports  are  prepared 
under  guidance  contained  In  the  r’ecommended  guidelines  for  safety 
inspection  of  dams*  published  by  the  Office1  of  Chief  of  Engineers, 
Washington,  D.  C.  20314.  xi’he  purpose  of  a Phase  I investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addresses  the 
hydraulic,  hydrologic,  geologic,  geot.echnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 

Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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PHASE  I REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam:  Mountain  Run  No.  50  Dam  #V A 04703 

S ta te : Virginia 

County:  Culpeper  County 

USGS  Quad  Sheet:  Culpeper  West 

Stream:  Mountain  Run 


Mountain  Run  No.  50  is  an  earthfill  structure  1,000  feet  long  and  38 
feet  high.  The  principal  spillway  consists  of  a drop  inlet  to  a 
66-inch  diameter  reinforced  concrete  pipe  running  through  the  dam  at  a 
low  level.  The  emergency  spillway  is  a 300-foot  wide  vegetated  earth 
side  channel  spillway.  The  dam  is  located  on  Mountain  Run  about  3/4 
mile  upstream  from  Culpeper,  Virginia.  The  dam  was  designed  and 
constructed  under  the  supervision  of  the  U.  S.  Soil  Conservation 
Service  and  is  presently  owned  by  the  town  of  Culpeper. 

The  spillway  will  pass  the  Probable  Maximum  Flood  (PMF)  without 
overtopping  the  dam.  The  PMF  was  based  on  breaching  of  three  upstream 
dams  which  were  previously  constructed  with  each  capable  of  passing  a 
flood  no  larger  than  1/2  PMF  without  overtopping  the  dam.  Therefore, 
based  on  criteria  established  by  the  Department  of  the  Army,  Office  of 
the  Chief  of  Engineers  (OCE),  the  spillway  is  rated  as  adequate. 

The  visual  inspection  revealed  no  apparent  problems  and  there  are 
no  immediate  needs  for  remedial  measures.  The  slopes  of  the  dam  meet 
the  requirement  recommended  by  the  U.  S.  Bureau  of  Reclamation  for 
zoned  earthfill  dams.  The  actual  embankment  structure  appears  to  be 
similar  to  the  "as-built"  drawings.  The  dam  is  adequate  for  normal 
pool  operation,  but  the  check  on  slope  stability  under  the  full 
loading  conditions  cannot  be  made  without  construction  records. 
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OVERVIEW  FROM  DISCHARGE  CHANNEL  OF  EMERGENCY  SPILLWAY 


MOUNTAIN  RUN  NO.  50 
SECTION  ! - PROJECT  INFORMATION 


1 . ! General : 

1.1.1  Authority:  Public  Law  92-367,  8 August  1972,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers  to  initiate 
a national  program  of  safety  inspections  of  darts  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a Phase  I 
inspection  according  to  the  Recommended  Guidelines  for  Safety 
Inspection  of  Dams  (See  Reference  1,  Appendix  VII).  The  main 
responsibility  is  to  expeditiously  identify  those  dams  which  may  be  a 
potential  hazard  to  human  life  or  property. 

1.2  Project  Description: 

1.2.1  Dam  and  Appurtenances:  Mountain  Run  Dam  No.  50  is  an 
earthfill  structure  about  1,000  feet  long  and  38  feet  high.  The  top 
of  the  dam  is  14  feet  wide  and  is  at  elevation  403.1  feet  m.s.l.  Side 
slopes  are  2.5  horizontal  to  1 vertical. 

The  principal  spillway  consists  of  a 66-inch  diameter  reinforced 
concrete  pipe,  running  through  the  dam  at  a low  level.  This  pipe  is 
served  by  a drop-inlet  structure  (riser)  located  in  a low  elevation  of 
the  reservoir  just  upstream  from  the  heel  of  the  embankment.  The 
crest  of  the  riser  is  at  elevation  384.9.  A concrete  outlet  structure 
is  provided  at  the  downstream  end  of  the  principal  spillway  so 
discharge  will  not  jeopardize  the  structural  integrity  of  the  dam. 

The  emergency  spillway  is  a vegetated  earth  side-channel  spillway 
located  off  the  north  end  of  the  dam.  It  has  a bottom  width  of  about 
300  feet  with  a crest  at  elevation  391.2  and  side  slopes  of  3 
horizontal  to  1 vertical.  Selected  topsoil  is  placed  in  4" 
thicknesses  on  the  side  slopes  and  on  the  bottom  of  the  spillway.  The 
topsoil  is  well  compacted  on  the  bottom  of  the  spillway. 

A 30-inch  round  corrugated  metal  pipe  with  invert  at  a low  level 
(elevation  366)  enters  the  upstream  side  of  the  riser  from  the 
reservoir.  This  permits  withdrawal  of  water  from  the  bottom  of  the 
reservoir.  An  18-inch  reinforced  concrete  pipe  used  to  supply  water 
downstream  to  the  town  of  Culpeper,  Virginia  runs  through  the  dam 
parallel  with  the  66-inch  pipe  leading  from  outside  of  the  riser  and 
discharges  from  the  right  wall  of  the  discharge  outlet. 
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1.2.2  Location:  Mountain  Run  Dam  No.  50  is  loc.it  d on  Mountain 
Run,  3/4  I'ilo  upstream  of  Culpeper,  Va.  The  reservoir  formed  by  the 
dam  is  Lr.i'/n  locally  as  Pelham  !.i'  >. 

1.2.3  SI  :o  Classification;  The  dam  is  classified  ;.s  an 
"interme  ! i ‘ size  structure  because  of  its  maximum  st  orage  potential 
of  10,000  acre-feet. 

1.2.4  Hazard  Classification:  The  dam  is  locate!  in  an  urban  area 
and  is  therefore  given  a high  hazard  classification  in  accordance  with 
guidelines  contained  in  Section  2.1.2  of  Reference  1,  Appendix  VII. 

The  hazard  classification  used  to  categorize  dams  is  a function  of 
locaton  oa ly  and  has  nothing  to  do  with  its  stability  or  probability 
of  failure. 


1.2.5  Ownership : Town  of  Culpeper,  Virginia 

1.2.6  Purpose : Flood  control  and  water  supply. 

1.2.7  Design  and  Construction  History:  The  dam  was  designed  and 
constructed  under  the  supervision  of  the  U.S.  Soil  Conservation 
Service.  Construction  was  completed  in  1972. 

1.2.8  Normal  Operational  Procedures:  Operation  of  the  project  is 
automatic.  The  principal  spillway  is  ungated,  therefore  water  rising 
above  the  crest  of  the  drop  inlet  is  automatically  passed  downstream. 
Similarly  water  is  automatically  passed  through  the  emergency  spillway 
in  the  event  of  an  extreme  flood  which  fills  the  flood  storage  space. 
Water  can  be  withdrawn  from  the  conservation  storage  space  as  needed 
for  water  supply. 

1.3  Pertinent  Data: 

1.3.1  Drainage  Areas:  The  dam  controls  a drainage  area  of  23.90 
square  miles  including  areas  totalling  14.08  square  miles  which  are 

controlled  by  dam.  Nos.  8-A,  11,  and  13  located  upstream. 

1.3.2  Discharge  at  Dam  Site: 

Maximum  flood  at  dam  site  not  known. 

Principal  Spillway:  , 

Pool  level  at  emergency  spillway  crest  ....  607  c.f.s. 


Pool  level  at  top  of  dam 740  c.f.s. 

Emergency  Spillway: 

Pool  level  at  top  of  dam 40,060  c.f.s. 
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1.3.3  Him'  and  Reservoir  Data:  Pertinent  data  on  the  dan  and 
reservoir  ar“  shown  in  the  following  table: 

Table  1.1  DAM  AMD  RESERVOIR  DATA 


Reservoir 


Item 

Elevation 

feet 

m.  s . 1 . 

Area 

acres 

1 

Acre 

feet 

Capacity 

Watershed 
inches (a) 

Length 

miles 

Top  of  dam 

403.1 

700 

10000 

19.1 

_ 

Maximum  pool,  design 
surcharge 

393.5 

455 

4940 

9.4 

2.6 

Emergency  spillway  crest 

391.2 

400 

4037 

7.7 

- 

Principal  spillway  crest 

(b)  384.9 

254 

1942 

(c)  3.-7 

2.1 

Streambed  at  centerline 
of  dam 

365* 

0 

0 

0 

0 

(a)  Based  on  9.82  sq.  mi 
upstream  dams. 

(b)  Top  of  conservation 

(c)  Sediment  942,  water 

.,  excluding  14.08 

pool  and  bottom  of 
supply  1000. 

sq . mi 

flood 

. controlled  by 

control  pool. 

SECTION  2 - ENUT  'IT  NO  DATA 

2.1  Design-  The  dam  was  designed  a'id  constructed  under  t'  ' 
direction  of  the  1J.3.  Soil  Conservation  S'  vice.  As-built  draw*  egs 
and  complete  das*  ;u  data  are  available  i ■ the  office  of  the  S'.ste 
Conservationist,  US.  Soil  Conservation  Service,  P.0.  Box  100'_'G( 

(Federal  Building,  Room  9201)  Richmond,  Vu.  23240. 

A geologic  (foundation)  investigation  was  conducted  at  th  ■ site  by 
the  SCS  during  the  initial  design  stages.  The  investigation  included 
drilling  12  core  borings  and  45  hand  auger  holes  and  excavating  78 
test  pits  along  the  proposed  dam  alignment,  principal  and  emergency 
spillways  and  borrow  areas.  The  core  borings  were  drilled  into 
bedrock  and  pressure  tested  down  to  impermeable  rock.  Depth  to 
impermeable  rock  ranged  from  17  to  70  feet  along  the  dam  alignment. 

Multiple,  constant  head  field  permeability  tests  were  conducted  in 
each  core  hole  in  addition  to  the  pressure  tests.  The  test  pits  were 
excavated  with  an  industrial  tractor  to  a depth  of  11  feet  or  refusal 
on  rock.  Geologic  logs  and  profiles  were  prepared  from  the  core 
borings  and  test  pits.  A detailed  geologic  report  with  foundation 
recommendations  was  also  prepared  based  on  the  core  drilling  and  test 
pits,  field  testing  and  geologic  mapping.  The  geologic  report  and 
maps  are  inclosed  in  appendix  IV. 

Referring  to  Plate  III  and  IV,  Appendix  I,  the  embankment  is  built 
on  residual  and  alluvial  soils  underlain  by  bedrock  which  is  a complex 
system  of  sandstone,  shale,  siltstone  and  greenstone.  The  bedrock  has 
been  subjected  to  considerable  faulting  and  there  are  extensive 
breccia  zones  which  may  be  highly  permeable  in  some  places. 

The  embankment  structure  consists  of  a zoned  compacted  earth  dam 
with  a core  trench.  Where  the  core  trench  encountered  the  fault  zone, 
the  recommended  foundation  treatment  is  to  excavate  the  fault  zone 
material  5 feet  below  the  base  of  trench  and  backfilled  with  compacted 
KH  material.  Where  the  core  trench  bottom  resting  on  fresh  or 
moderately  weathered  rock,  the  rock  surfaces  were  to  be  cleaned  and 
slushed  grout  applied  to  cracks  and  joints. 

The  alluvium  layer  along  the  stream  valley,  varying  from  6-13 
feet  thick,  consists  mostly  of  SM  and  ML  materials.  The  abutments 
consist  of  weathered  rock  or  residual  soils.  The  zone  I material 
forming  the  upstream  slope  and  core  of  the  dam  consists  of  ML  and  MH 
material.  The  zone  II  material  forming  the  downstream  shell  of  dam 
consists  of  SM,  (1!  and  GP  materials.  A summary  of  engineering 
properties  of  the  foundation  and  embankment  materials  are  given  in 
Table  2.1. 

I 

To  control  the  phreatic  surface  and  to  collect  seepages,  a 
drainage  system  is  located  under  the  downstream  portion  of  the  dam. 

The  system  consists  of  a trench  running  parallel  to  the  axis  of  dam,  4 
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feet  wine  and  with  bottom  h 

-'rock,  filled  with  g 

reded  filter 

material,  and  an  intercepting 

'-each  with  10"  diarv- 

r perforated  pipe 

running  parallel  to  the  print' 

.•a!  spillway  into  the 

".til  ling  basin. 

Six  anti -sieep  collars  were  hi' 

It  around  the  princip 

a!  .pillway  under 

the  ip-:  and  center  portio 

pipin'?, . 

i.  of  the  dam  to  cop*' 

r 1 the  problem  of 

The  emergency  spillway  Lv 

■ ted  at  the  left  abut; 

uent  is  formed  by  a 

cut  into  materials  consisting 
material-' . 

of  weathered  rock,  Iff, 

, '-14  and  SM 

The  slope  stability  was  rh 

ecked  with  the  Swedish 

u circle  and  the 

sliding  block  methods.  The  sliding  block  analysis  showed  the  lowest 
factor  of  safety.  With  full  drawdown  condition,  the  factor  of  safety 
is  1.42  for  the  upstream  slope  which  has  slopes  1 vertical  on  2% 
horizontal  over  1 vertical  on  3 horizontal  below  the  normal  pool 
level.  The  1 vertical  on  Z%  horizontal  downstream  slope  has  a factor 
of  safety  of  1.30  under  steady  seepage  condition  and  a drain  at  c/b  = 
0.6.  Additional  information  on  stability  is  given  in  Section  6 and  in 
Appendix  V. 

2.2  Construction;  The  construction  records  were  not  furnished  by 
the  SCS  Office  in  Richmond,  but  they  are  available  from  the  SCS  Office 
in  Washington,  D.  C. 

2.3  Operation:  There  is  no  known  operation  or  instrumentation 
procedure . 

In  1974,  a subdrain  system  was  built  in  an  area  beyond  the  toe  of 
the  dam,  bounded  by  the  right  abutment  and  the  stilling  basin,  to 
relieve  the  problem  of  excessive  wetness  in  the  area  which  was 
frequently  used  by  golfers.  The  subdrains  discharge  through  a 6-inch 
diameter  pipe  which  is  located  at  20  feet  downstream  of  the  stilling 
basin.  No  information  on  the  design  and  construction  of  the  subdrains 
was  available. 

2.4  Evaluation;  Refering  to  Plate  III,  Appendix  I,  the  cutoff 
trench  at  the  right  abutment  in  the  "as-built"  case  was  shallower 
than  the  depth  recommended  by  the  design.  More  importantly,  the 
cutoff  trench  did  not  extend  into  the  abutment  rock  as  deep  as 
recommended  by  the  design.  The  wetness  in  the  area  beyond  the  toe  at 
the  right  abutment  indicated  in  paragraph  2.3,  Section  2 can  be  caused 
by  seepage  from  inadequate  cutoff  trench  construction.  Although  the 
seepage  condition  is  not  serious  at  the  normal  pool  level,  the  seepage 
flow  should  be  closely  monitored. 

See  Section  6,3  for  evaluation  of  the  dam  stability. 
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TABLE  2.1 


SUMMARY  0?  SOIL  OF 

ENG  INEERIN'C 

LA"' A 

Item 

Classification 

Dry  Unit  Wt. 
nc  f 

c - 

Conso 1 i da  rod 
Undrained  Strength 

0 c 

degree  psf 

Compressib  Llity 
ft/ft 

Embankment 

ML 

91-107 

23.5 

1250 

- 

Embankment 

ML-MH 

80-98 

19 

1150 

- 

Embankment 

SM 

- 

- 

- 

- 

Foundation 

SM 

82-103 

22 

150 

- 

Foundation 

Ml. 

62-90 

15.5 

800 

.04-0.6 

SECTION  3 - VISUAL  INSPECTION 


3.1  Findings : Field  observations  nr:-  "'.dined  in  Appendi::  IT  r. 
The  visual  inspection  revealed  several  minor  problems.  Although  there 
is  good  growth  of  grasses  on  the  embankment  and  crest,  the  areas 
within  the  golf  course  are  trimmed  too  short.  The  concrete  still  1 ng 
basin  is  experiencing  concrete  deterioration.  The  riprap  in  the 
downstream  channel  is  failing  with  vegetation  growing  among  the 
rocks.  Also  there  is  vegetative  growth  in  the  upstream  slope  riprap. 
Colloidal  sediment  was  evident  in  foundation  drain  pipes.  The  dam  had 
no  staff  gages  or  instrumentation.  There  was  no  access  to  the  riser. 

A manhole  cover  was  missing  from  the  top  of  the  riser.  About  0.4 
miles  downstream  of  dam  is  a fence  traversing  the  stream.  The  fence 
was  collecting  debris. 

There  was  no  apparent  evidence  of  leakage,  erosion,  undue 
settlement  and  seepage,  slope  instability,  nor  improper  functioning  of 
water  passages  and  seepage  drain. 

3.2  Evaluation;  Overall,  the  dam  is  in  good  condition  and  needs 
only  minor  remedial  measures.  The  concrete  spillway  is  deteriorating 
and  will  result  in  exposing  reinforcing  bars  and  weakening  the 
integrity  of  the  structure.  Excessive  growth  in  the  riprap  encourages 
the  undermining  of  protection.  The  downstream  riprap  failure  enhances 
erosion  of  the  stream.  The  grass  in  the  golf  course  has  been  trimmed 
too  close,  exposing  the  root  structure  to  erosion.  The  fence 
downstream  of  the  dam  can  serve  as  a potential  obstruction  to  normal 
stream  flow. 


PROCEDURES 


SECTION  4 - OPERATIONAL 


4.1  Procedure;;:  Operation  of  t'v'  project  is  automatic.  V 
66-inch  diameter  pr;acipal  spillway  i..  k •.■ted,  therefore  wa-.-.r  rising 
above  the  crest:  of  the  drop-inlet  is  automatically  passed  downstream. 
This  in  turn  automatically  maintains  the.  pool  level  at  or  near 
elevation  385  ft.  m.s.l.  most  of  the  time.  Water  is  automatically 
passed  through  the  ungated  emergency  spillway  in  the  event  of  an 
extreme  flood  which  fills  the  flood  storage  space.  Water  is  withdrawn 
from  the  conservation  storage  space  as  needed  for  water  supply. 

4.2  Maintenance ; Maintenance  of  the  project  consists  mainly  of 
fertilizing,  liming,  and  mowing  the  embankment  and  spillway;  seeding 
and  mulching  bare  areas;  painting  the  trash  racks;  and  repairing 
gullies  that  might  occur.  Maintenance  of  the  downstream  channel 
consists  of  controlling  vegetation  and  removing  any  debris,  bars  or 
other  obstructions. 

4.3  Inspect  ion ; The  project  is  inspected  annually  to  insure 
proper  maintenance.  The  inspection  of  one  dam  is  conducted  as  part  of 
the  annual  inspection  of  the  works  of  improvement  in  the  Mountain  Run 
Watershed.  The  inspection  team  consists  of  representatives  from  the 
town  of  Culpeper,  the  U.  S.  Soil  Conservation  Service,  the  Virginia 
Soil  and  Water  Conservation  Commission,  the  Culpeper  Soil  and  Water 
Conservation  District  and  the  Mountain  Run  Watershed  Association. 

4.4  Warning  System:  At  the  present  time,  there  is  no  warning 
system  or  evacuation  plan  in  operation. 
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SECTION  5 HYDRAULIC/HYDROLOGIC  DESIGN 


5 - 1 Design:  The  o luvaflon  of  the  crest  (••  1 e vn  tion  384.9)  of  t "! i - • 
drop  inlet  to  the  principal  spillway  was  establis  h at  an  elevation 
which  would  provide  the  cons  ervation  storage  nn.-’cd  for  sediment 
deposit  and  water  supply.  The  discharge  capacity  (507  c.f.s.  with 
reservoir  level  at  crest  of  emergency  spillway)  of  the  principal 
spillway  was  established  by  consideration  of  a number  of  factors 
including  (1)  the  capability  of  evacuating  the  flood  storage  space 
within  a reasonable  time  ( + 10  days),  (2)  not  passing  damaging  flows 
downstream,  and  (3)  the  capability  of  the  reservoir  to  store  flood 
waters.  The  crest  (elevation  391.2)  of  the  emergency  spillway  was 
established  at  the  maximum  elevation  reached  in  routing  the  principal 
spillway  hydrograph  which  resulted  from  the  100-year  10-day 
rainstorm.  The  elevation  of  the  top  of  the  dam  (elevation  403.1)  was 
established  by  the  maximum  elevation  reached  in  passing  the  freeboard 
hydrograph.  The  freeboard  hydrograph  is  that  computed  from  rainfall 
comparable  to  the  Probable  Maximum  Rainfall  as  used  by  the  Corps  of 
Engineers  and  is  therefore  comparable  to  the  Probable  Maximum  Flood 
(PMF). 

Dam  No.  50  is  located  downstream  from  three  similar  dams,  Nos. 

8-A,  11  and  13.  These  upstream  dams  were  design  by  the  SCS  on  the 
basis  of  low  standard  design  criteria  and  are  not  capable  of  passing 
the  PMF  but  will  pass  1/2  PMF  without  overtopping  these  dams.  The 
freeboard  hydrograph  for  Dam  No.  50  is  based  on  the  assumption  that 
the  three  upstream  dams  deteriorate  in  the  PMF  and  release  all  their 
storage  over  a 5-hour  period. 

5.2  Hydrologic  Records:  None 

5.3  Flood  Experience:  Flooding  during  Hurricane  Agnes  in 
Culpeper  in  June  1972  was  reduced  significantly  by  this  dam  although 
it  was  not  entirely  completed  until  September  1972. 

5.4  Flood  Potential:  Design  features  of  the  dam  were  established 

by  routing  various  hydrographs  as  noted  in  paragraph  5.1. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data  are 
shown  in  table  1.1. 

Except  for  withdrawal  for  water  supply,  regulation  of  flow  from 
the  reservoir  is  automatic.  Water  rising  above  the  crest  of  the  drop 
inl^t  fLows  into  this  inlet  and  through  the  dam  in  the  30-inch 
concrete  conduit.  Water  also  flows  past  the  dam  over  the  ungated 
emergency  spillway  in  the  event  water  in  the  reservoir  rises  over  the 
crest  of  the  spillway. 


Outlet:  discharge  capacity,  reservoir  area  and  storage  capacity 
data,  and  hydrograph  and  routing  determinations  wer.  obtained  from 
reports  a. id  jomputations  furnish  'd  by  the  Soil  Conser ■/  ‘ t i on  Service 
(SCS).  The  routing  of  the  emergency  spillway  and  Er->  - V ird 
| hydrograph. s began  with  the  reservoir  level  at  the  crest  of  the 

principal  spillway. 

5.6  Overtopping  Potentia1  : The  probable  rise  ir.  the  reservoir 
and  other  pertinent  information  on  reservoir  perform  .once  in  various 
hydrographs  is  shown  in  the  following  table: 

Table  5.1  RESERVOIR  PERFORMANCE 


Item 

Normal 

Principal 

Spillway 

(a) 

/drograph 

Emergency 

Spillway 

Free- 

Board 

(b) 

Peak  flow,  c.f.s. 

Inflow 

10 

N/A 

7,000 

48,000 

Out  flow 

10 

607 

3,200 

40,800 

Peak  elev.,  ft.  msl 

385 

391.2 

393.5 

403.1 

Emergency  Spillway 

Depth  of  flow,  ft. 

- 

0 

2.3 

11.9 

Avg.  velocity,  f.p.s 

.(c)  - 

0 

4.5 

10.2 

Non-overflow  section 

Depth  of  flow,  ft. 

- 

- 

- 

0 

Avg.  velocity,  f.p.s 

.(c)  - 

" 

(a)  100-year  flood. 


(b)  Probable  maximum  flood  by  COE  standards. 

(c)  Maximum  velocity  at  crest  about  150  to  200%  of  the  average 
velocity. 

5.7  Reservoir  Emptying  Potential;  The  30-inch  corrugated  metal 
pipe  entering  upstream  side  of  the  riser  at  a low  level  will  permit 
withdrawal  of  about  94  c.f.s.  with  the  reservoir  level  at  the 
principal  spillway  crest  and  essentially  dewater  the  reservoir  in 
about  2 weeks. 

5.8  Evaluation : Hydrologic  and  hydraulic  determinations  prepared 
by  the  SCS  as  a basis  for  design  of  the  project  appear  reasonable. 

The  emergency  spillway  will  pass  a feeboard  hydrograph  which  is 
essentially  equal  to  the  PMF.  The  freeboard  hydrograph  assumed 
breaching  of  the  three  upstream  dams  which  were  previously  constructed 
with  a lower  hazard  classification.  The  emergency  spillway  is 
therefore  considered  to  be  adequate. 
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SECTION  '> 


OAM  STABILITY 


6.1  Foundations  Mountain  Run  ’ham  No.  50  is  cour.d  S • n residual 
and  alluvia  ! soils  overlying  ;n  ■>  ••  < rph  ic  and  sedLuentr  *y  b -drock.  The 
residual  rr>  Hr  formed  by  weathering  of  the  bedrock  occur  along  both 
abutments.  Along  the  channel  section,  the  dam  bears  or.  alluvial  soils 
deposited  by  Mountain  Run.  A i?-foot  wide  (base)  cutoff  or  core 
trench  keys  the  earth  embankment  into  underlying  weathered  bedrock.  A 
seepage  drain,  4 feet  wide,  runs  approximately  600  feet  along  the 
length  of  the  dam  25  feet  downstream  of  the  centerline.  The  drain 
system  is  also  founded  on  weathered  bedrock  and  varies  in  thickness 
according  to  local  foundation  conditions.  "As-built"  drawings  of  the 
cutoff  trench  and  seepage  drain  are  shown  on  Plates  IV  and  V, 
respectively,  in  Appendix  I.  A geologic  report  of  the  dam  site  is 
inclosed  in  Appendix  IV.  The  remainder  of  this  section  deals  with 
describing  the  geologic  location  of  the  dam  site  and  the  foundation 
conditions. 

The  dam  site  is  located  within  the  Piedmont  Plateau  Physiographic 
Province  of  Virginia  which  is  underlain  by  predominately  igneous  and 
metamorph ic  rocks  of  Precambian  to  Cambian  age.  A narrow  band  of  much 
younger  sedimentary  rocks  comprising  the  Triassic  Basin  trends 
northeast-southwest  through  much  of  the  Piedmont.  A section  of  the 
basin  cuts  through  the  Culpeper  area.  The  contact  between  the 
sedimentary  rocks  of  the  basin  and  the  older  metamorph ic  rocks  to  the 
west  is  a border  thrust  fault  that  intersects  the  City  of  Culpeper. 
Subsequent  thrust  and  transverse  faulting  which  occurred  along  the 
border  area  after  the  basin's  formation  has  greatly  complicated  the 
local  geology. 

The  dam  site  is  located  less  than  one  mile  west  of  the  basin 
contact  and  is  underlain  by  both  Triassic  sedimentary  rocks  and  older 
metamorph ic  rocks.  The  metamorph ic  rocks  are  predominate.  They 
comprise  most  of  the  left  abutment,  the  entire  channel  section  and 
part  of  the  right  abutment.  The  Precambiam  age  Catoctin  and  Lynchburg 
formations  are  the  geologic  units  in  which  the  metamorphic  rocks 
occur.  The  Catoctin  formation  rocks,  comprised  primarily  of 
greenstone  with  minor  amounts  of  phyllite,  is  perdominate.  Mica 
schist  of  the  Lynchburg  formation  occurs  in  minor  amounts  under  the 
channel  section.  Triassic  sedimentary  rocks  including  the  Manassas 
Sandstone  and  Bull  Run  Shale  underlie  most  of  the  right  abutment  and  a 
thin  zone  of  sandstone  and  siltstone  underlies  a small  section  of  the 
left  abutment. 


The  structural  . -1  itionship  between  an!  within  the  Triassic 
sedimentary  rocks  an  1 older  metamorphic  rocks  is  very  complex. 

Several  faults  were  recognized  and  roughly  traced  during  the 
exploratory  drilling.  Two  of  the  faults  are  fairly  extensive,  one 
radar  the  right  abutment  where  Triassic  sedimentary  rocks  have  b.-;n 
thrust  over  the  older  metamorphic  rocks  and  another  under  the  cha 
section  within  the  C.roctin  greenstone.  Approximately  22.5  feet  of 
brecciated  greenstone  occurs  along  the  fault  contact  under  the  right 
abutment  and  23.2  feat  of  brecciated  materials  occurs  along  the 
southward  dipping  contact  under  the  channel  section.  The  general 
strike  of  the  Catoctin  greenstone  is  N 35°  7.  The  triassic 
sedimentary  rocks  strike  N45°  E and  dip  approximately  29°  SE,  but 
in  some  areas  this  orientation  has  been  altered  due  to  the  faulting. 
Though  jointing  was  fairly  extensive,  no  prominent  system  was 
observed.  During  the  Corp's  visual  inspection,  verification  was  made 
as  to  the  rock  types  and  bedding  orientations. 

The  condition  of  the  foundation  materials  varies.  The  overlying 
soils  especialy  the  alluvium  under  the  channel  section  is  fairly 
dense.  The  consistency  of  the  residual  soils  are  medium  to  hard  as 
indicated  by  the  blow  counts  on  the  boring  logs.  The  thickness  of  the 
residual  and  colluvial  soils  capping  most  of  the  right  abutment  ranges 
from  23  to  35  feet.  The  alluvium  along  the  channel  section  ranges 
from  6 to  13  feet  in  thickness  and  the  residual  soils  capping  the  left 
abutment  ranges  from  8 to  25  feet.  The  condition  of  the  underlying 
bedrock  also  varies.  Generally,  badly  weathered,  highly  fractured 
rock  underlies  the  soils  and  becomes  less  weathered  and  more 
impermeable  with  depth  except  within  the  fault  zones  where  highly 
fractured  and  brecciated  rock  occurs.  Competent,  unweathered  and 
impermeable  rock  occurs  at  depths  ranging  from  12  to  70  feet  along  the 
centerline  of  the  dam.  The  geologic  profiles  in  the  geology  report 
show  the  zones  of  weathered  and  competent  rock  as  well  as  the 
recommended  depth  for  the  cutoff  trench.  As  indicated  in  the  "As 
Built"  drawings,  plate  IV,  Appendix  I,  the  cutoff  trench  was  placed  in 
weathered  bed  rock  well  above  the  recommended  depth,  below  the  fault 
zones.  A deep  cutoff  trench  below  the  fault  zones  was  recommended  in 
lieu  of  grouting  because  of  the  anticipated  expense  and  small 
hydraulic  head  behind  the  dam.  The  actual  placement  of  the  trench, 
however,  was  not  below  the  fault  zones,  a decision  probably  made  in 
the  field  during  contruction.  Construction  reports  were  not  available 
to  confirm  the  actual  grade  depth  or  foundation  conditions  under  the 
trench.  The  drain  system  was  also  placed  into  the  weathered  bedrock 
as  indicated  on  plate  VI,  Appendix  I. 

6.2  Embankment : Referring  to  Plate  IV,  Appendix  I,  the  crest  of 
dam  is  14  feet  wide  at  El.  403.1.  The  upstream  slope  is  1 vertical  to 
2-i  horizontal  from  the  crest  of  dam  to  El.  331.9  where  it  flattens  to 
1 vertical  to  10  horizontal  forming  a berm  for  a vertical  distance  of 
1 foot.  The  slope  then  changes  from  1 vertical  to  3 horizontal  to 
natural  ground.  24"  thick  riprap  over  12"  of  bedding  material  is 
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plac-n-1  at  upstream  ::li>pe  .it  El.  389.4  to  the  berm  to  protect  the 
upstream  shore  at  the  normal  pool  operation.  TV  core  downstream 
slop?  is  1 vertical  to  1.5  horizontal,  and  the  core  is  covered  with  a 
downs', "earn  shell  with  a slope  of  1 vertical  to  horizontal  from  tV 
cro  ;*  to  toe  of  dam.  The  upstream  slope  and  re  •■>  5s  constructed  with 
ML -Mi  i -.'riterial  compacted  in  9"  lifts  to  95%  compaction  at  optimum 
moisture  content.  The  downstream  shell  is  constructed  with  SM,  CM  ind 
GP  material  compacted  in  24"  lifts.  Seepage  drain  is  located  in  th  : 
pervious  downstream  shell  10  feet  from  the  toe  of  the  core. 

6.3  Evaluation: 

6.3.1  Foundation:  Most  dam  foundations  are  evaluated  on  the 
basis  of  potential  settlement,  sliding  and  seepage.  Excessive 
settlement  of  the  dam  is  not  a problem  because  the  foundation  is 
composed  of  fairly  dense  soils  and  weathered  bedrock  and  settlement 
was  not  noted  along  the  dam  alignment  during  the  visual  inspection. 
Sliding  within  the  bedrock  is  not  usually  a problem  under  small,  earth 
dams.  In  addition,  there  are  no  adversely  oriented  weak  planes  within 
the  foundation  rock  that  would  act  as  a potential  sliding  plane.  The 
potential  for  seepage  does  exist  within  the  foundation  because  the 
cutoff  trench  was  not  extended  below  the  fault  zones  as  recommended. 

It  was,  however,  recommended  that  where  the  cutoff  trench  encountered 
a fault  zone,  the  fault  gouge  was  to  be  excavated  5 feet  below  the 
trench  and  backfilled  with  compacted  core  material.  Where  the  trench 
bottom  rested  on  fresh  or  moderately  weathered  rock,  the  rock  surfaces 
were  to  be  cleaned  and  slushed  grout  applied  to  fractures  and  joints. 
Construction  records  were  not  available  to  determine  whether  these 
treatments  were  actually  employed.  The  low  hydraulic  head  (less  than 
30')  and  high  cost  was  probably  the  reason  the  cutoff  trench  was  not 
extended  below  the  fault  zones.  It  was  apparently  determined  that  the 
drain  system  could  effectively  handle  all  seepage.  At  the  time  of  the 
Corp's  visual  inspection,  seepage  from  the  toe  drain  was  less  than  1 
gpm  and  no  wet  areas,  developed  since  construction,  were  noted 
downstream. 

Since  additional  seepage  was  not  noted  during  the  visual 

inspection,  it  is  apparent  that  the  drain  system  is  effectively 
handling  all  leakage  through  the  foundation  materials  including  the 
fault  zones.  Due  to  presence  of  the  fault  zones  below  the  cutoff 
trench  it  is  possible  that  excessive  seepage  could  develope  during 
high  (flood)  water  conditions.  Close  monitoring  of  the  toe  drain  and 
the  subdrain  outlet  should  be  required  during  high  water  conditions  to 
determine  unsafe  seepage. 
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6.3.2  Embankment : The  embankment  slopes  meet  ' requirement 
recoia'n  ! •:!  by  the  U.S.  Bureau  er  Reclamation  for  . ,i  ! :oned 
earth fi  1 1 d ’:11s  on  stable  foun  ! • i n (Reference  2,  • •:.!  Lx  VII).  Th  • 

design  roece, wended  an  overbuilt  o;  1.0  feet  to  corap  *.i*-  if.'  for 
consolidation  of  the  fill  and  Foundation.  The  sett'  •;  •.  -nt  is  based  on 
a compressibility  of  2%  for  37  feet  of  compacted  fill  -I  20  feet  of 
foundation.  The  embankment  structure  was  checked  w .i  L = • ::ie  Swedish 
circle  and  the  sliding  block  methods.  For  both  method  the  pool  level 
was  at  emergency  spillway  crest,  El.  391.2.  As  the  dam  is  built  on 
stratified  foundaton,  the  sliding  block  analysis  showed  the  lowest 
factor  of  safety.  Using  a crest  width  of  14  feet  and  height  of  37 
feet,  an!  S feet  of  foundation,  the  factor  of  safety  for  the  upstream 
slope  is  1.42  for  the  full  drawdown  condition.  The  factor  of  safety 
for  the  downstream  slope  is  1.50  for  the  steady  seepage  condition  with 
drain  located  at  c/b  = 0.6.  More  information  on  the  stability 
analysis  is  given  in  Appendix  V.  Although  the  partial  pool  condition 
is  not  investigated,  the  stability  analyses  were  based  on  realistic 
soil  data  and  if  the  embankment  has  been  properly  constructed,  the  dam 
is  adequate  for  the  loading  condition  at  spillway  crest.  No  undue 
settlement,  crack,  or  seepage  was  noted  at  the  time  of  inspection. 


16 


V 3 


SECTION  7 ASSES,'.'  "IT /REMEDIAL  MEASis*;.  ' 

7.1  It  am  Assessment;  Reference  1,  Appendix  VII,  >-e  ummends  a 
Spillway  Oesign  Flood  equivalent  to  the  PMF.  Sine.'  the  VMF  does  not 
top  the  cre.it  of  the  dam,  the  emergency  spillway  is  con  jidered 
adequate . 

Base.!  on  the  visual  inspection  and  review  of  existing  records, 
there  is  no  apparent  problem  that  would  require  immediate  action  for 
the  normal  pool  conditions.  The  actual  structure  is  similar  to  the 
as-built  drawings  given  in  Appendix  I.  Without  the  construction 
records,  the  stability  of  the  embankment  under  designed  loading 
conditions  cannot  be  assessed  although  the  embankment  slopes  meet  the 
requirements  recommended  by  the  U.S.  Bureau  of  Reclamation  for  small 
zoned  earthfill  dams  on  stable  foundation  (see  Reference  2,  Appendix 
VII). 


7.2  Remedial  Measures:  There  is  no  immediate  need  for  remedial 
measures.  However,  the  following  actions  are  suggested  and  should  be 
initiated  within  12  months.  These  measures  are  suggested  for 
monitoring  and  maintenance  purposes  only. 

7.2.1  The  grasses  on  the  faces  of  embankment  should  be  maintained 
in  such  a condition  that  will  facilitate  the  annual  inspection. 

7.2.2  Allow  the  grass  on  the  embankment  within  the  golf  course  to 
grow  to  at  least  4 inches.  This  is  necessary  to  protect  grass  cover. 

7.2.3  Repair  deteriorating  concrete  in  stilling  basin  to  maintain 
structural  integrity. 

7.2.4  Remove  woody  vegetation  in  riprap.  Also  repair  downstream 
riprap  protection  to  avoid  erosion. 

7.2.5  Suggest  to  record  the  pool  elevation,  the  flow  rates  of  the 
seepage  drain,  and  the  subdrain  whenever  the  pool  lovel  rises  3 feet 
or  more  above  the  normal  pool  elevation.  Staff  gage  or  other 
equivalent  facility  should  be  provided  to  indicate  the  pool  level. 

7.2.6  The  current  annual  inspection  program  should  include  a 
measurement  of  the  flow  rates  of  the  seepage  drain  and  the  subdrain. 

In  the  event  that  the  drainage  water  is  cloudy,  an  analysis  of  the 
suspended  solids  should  be  made  to  determine  the  source  of  the 
suspension  solids. 

7.2.7  Replace  manhole  on  riser. 

7.2.8  Include  in  regular  maintenance,  removal  debris  from  fence 
located  0.4  miles  downstream  of  dam. 


kL 
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APPENDIX  I 
MAPS  AND  DRAWINGS 
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APPENDIX  III 


FIELD  OBSERVATIONS 

Name  of  Dam:  Mountain  Run  Dam  No.  50 
County:  Culpeper  State:  Virginia 

Coordinates:  Lat . 38°  27.3’  Long.  78°  02.3’ 

Date  of  Inspection:  7 June  1978 

Weather:  Overcast  - Temperature:  75°F 

Pool  Elevation  at  Time  of  Inspection:  385'  ra.s.l. 

Tailwater  at  Time  of  Inspection:  362'  m.s.l. 

Inspection  Personnel: 

Soil  Conservation  Service 

Bill  Adams,  District  Engineer 
Bill  Bell 

James  F.  Blodgett,  Area  Engineer 
Charles  McDowell,  Asst  State  Engr 

State  Water  Control  Board 
H.  Wigglesworth 

Corps  of  Engineers 
W.  Barker 
R.  Cheng 
L.  Jones 

D.  Pczza  (recorder) 

J.  Robinson 

K.  Brooker 

1 . Embankment : 

1.1  Surface  Cracks:  The  slopes,  crest,  and  abutment  contacts 
were  inspected.  A fence  traversed  the  dam  running  from  upstream 
riprap  to  the  stilling  basin.  The  dam  is  covered  with  tall 
kentucky-fescue  31  grass.  Grass  left  of  the  outlet  works  is  3 to  4 
feet  high  except  for  the  toe  where  it  was  recently  mowed  to  about  4 
inches.  The  vegetation  made  observations  difficult.  The  portion  of 
the  dam  right  of  the  fence  is  within  a golf  course.  The  grass  is  kept 
trimmed  to  approximately  1.5  inches  on  the  downstream  slope  and  crest 
of  dam.  Soil  conditions  were  dry  and  shrinkage  cracks  wer.e  noted  in 
the  soil.  No  other  cracks  were  noted. 

1.2  Unusual  Movement:  No  unusual  movement  was  noted  on  the  dam. 
Again,  vegetation  inhibited  observations. 


■ 


1.3  Slouching  and  erosion: 

No  sloughing  or  erosion  was  no:  i . Past  erosion  h is  occurred  at  a 
small  portion  of  the  toe  of  th  • •!:-!.  Remedial  efforts  h o been 
performed  and  tiie  area  is  monitor-.'  ' "f  SCS  and  town  official  for  any 
future  eros’oujl  development. 

1.4  Alignment:  The  vertical  .-.-id  horizontal  alignment  of  the  dam 
did  not  deviate  from  the  as-built  drawings. 

1.5  Ri prop:  The  upstream  slo^e,  portions  of  the  downstream  area, 
and  the  area  of  the  toe  are  protected  against  erosion  with  diabase 
rock.  Riprap  on  the  upstream  slope  and  at  the  toe  was  in  excellent 
condition.  Light  vegetation  was  growing  in  the  upstream  slope,  but  it 
is  regularly  removed  by  town  officials.  The  riprap  in  the  downstream 
was  in  a disaray  and  is  discussed  in  Section  2.3,  Appendix  III. 

1.6  Junctions:  The  conditions  appeared  good.  Observations  were 
difficult  due  to  high  vegatative  growth. 

1.7  Seepage : No  seepage  was  noted.  A subdrain  system  was 
installed  at  the  base  of  the  downstream  right  abutment  in  1974.  A 
6-inch  corrugated  metal  pipe  serves  the  field  discharging  into  the 
downstream  channel.  Flow  was  clean  and  less  than  1 CPM.  Another 
6-inch  corrugated  metal  pipe  was  located  downstream,  but  is 
orientation  was  undetermined.  No  other  seepage  was  noted  on  the 
slopes,  at  the  abutments,  along  the  toe  or  along  conduits  passing 
through  the  dam.  Swamp-like  vegetation  exists  about  150  feet 
downstream  of  the  dam.  This  is  a natural  condition  that  existed  prior 
to  construction  of  the  dam. 

1 . 8 Drains: 

Two  6-inch  corrugated  metal  pipes  serve  the  foundation  drain. 

Both  discharge  into  the  stilling  basin.  Flow  was  minimal  and  appeared 

to  be  colored.  The  basin  walls  were  stained  yell ow-b rovn . 

1.9  Instrumentation:  There  were  no  instrumentation  or  staff 
gages  for  the  entire  dam. 

2.  WATERWORKS: 

2.1  Intake  Structure:  There  was  no  access  to  the  riser.  The 
structure  is  concrete  and  showed  no  apparent  deterioration.  Two 
vertical  shafts,  without  manual  controls  for  regulation  of  intake 
valves,  extended  above  the  riser.  The  regulating  works  were  not 
operated  during  the  inspection.  Openings  to  the  riser  are  protected 
with  a trash  rack.  No  debris  was  lodged  in  the  immediate  area.  The 
structure  had  a safety  ladder,  but  a manhole  cover  was  missing.  The 
pool  elevation  was  about  3 feet  below  the  top  of  the  riser. 


IIT-2 


1 


2.2  Outlet  Works : The  66-inch  undated  concrete  conii'i*  serves  as 

the  spillway  ruining  from  the  riser  through  the  dam.  The  c... vh.it  was 
passing  very  1 i - r 1 •*  flow.  The  spill'.’  ly  discharges  into  a S 1 
Anthony  Fall.-  . ' • ete  stilling  basin.  The  concrete  strut  tn-  • has 
some  deter  ior at i on  , There  arc  intermi ttent  cracks  along  v - ’ ’! 

construction  j.>  ■’  . The  downstream  end  of  the  left  wall  b ’ 1 agonal 

cracking.  Spallin'  has  occurred  around  an  18-inch  pipe  ri : .iging 

flow  for  water  apply  needs,  and  around  the  spillway  outlet.  .here  is 
evidence  of  co:  met i c repair  in  both  these  areas,  which  has  a!  ;o 
deteriorated.  TP.  • tailwater  elevation  was  about  2 feet  bo'  the 
invert  of  the  Id-inch  discharge  pipe. 

2.3  Outlet  Channel : The  stilling  basin  serves  as  the  discharge 
channel.  The  downstream  channel  is  riprap,  which  extends  from  behind 
the  stilling  basin  to  approximately  50  feet  downstream.  The  riprap 
has  eroded  away  in  the  area  behind  the  stilling  basin.  The  downstream 
channel  protection  has  experienced  settling  and  has  vegetation  growing 
in  it.  The  stream  is  about  2 feet  deep. 

3.  EMERGENCY  SPILLWAY:  Most  of  the  spillway  is  covered  with  3 to 
4 feet  of  grass.  Portions  of  the  spillway  have  recently  been  trimmed 
to  approximately  6 inches.  The  spillway  appeared  in  good  condition. 

4.  RESERVOIR:  The  area  surrounding  the  upstream  reservoir 
consists  of  gentle  rolling  hills  covered  with  pasture  land  or  woods. 

No  observations  of  sediment  could  be  made.  The  water  was  turbid  and 
some  debrid  was  evident.  Town  officials  regularly  remove  debris. 

5.  DOWNSTREAM  CHANNEL:  The  streambed  broadens  to  20  to  30  feet 
and  averages  5 feet  in  depths.  A fence  crosses  the  stream  0.4  miles 
downstream  of  the  dam  and  has  debris  damming  against  the  fence.  The 
surrounding  flood  plain  is  relatively  flat.  The  area  right  of  the 
stream  is  a golf  course.  There  are  numberous  houses  that  border  the 
stream  about  a mile  downstream. 
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SURFACE  GEOLOGY  AND  PHYSIOGRAPHY 

Triareic 

Physic£.’»ptiie  description  Pi.-cpj.rcp l'p’  l.»  ’tf; . /.tt.t. c/i  .os  (/i;i_25°  P Mn! o.J  v_iL5.0_.D_. 

Steepness  ct  e hutments:  Ult5? percent;  Right ?Q percent.  Width  o!  flood ;*!r>.  ft  centerline  of  item.. 37'(1 

Gcitoui  geology  cf  site:  _ Jjcwntaip.  Rua,  Ho.  50  is . 1 ,oc» tod..  spj;‘o>-hi  .'•‘tc.Jy.  c a:-,  nilc.  vcct-of  .£Ut» 

Culps  par  Coanfcy  Court  T’ouco  building  In  C:j]pp£Prf_  Virginia. _ _ 


Title  cite  is  located  on  the.  border  between  older  Paleozoic  - PreccmVlar> 

rtatav-iorplilo  rocks  r.nd  the  cedingnfco  of  thn  Cnlpop-r  Tr.i rpci.c..  Paefn.  /ftv>  contact, be t sax n | 

the  Pries sic  basin  ccciironts  r.nd  _tha  ol  dcr  j *:.* t;ir:.orp't  ic rocks  i ../>, fchrus  L_  fault  ..that  has 1 

been  offset  by  later  tronewree  faults. 


toe  tin  r,rccnf.  tqno_an<5  JynchJjur-g  > ■.lr;n_r.chipt  are.,  fclMLjCcn-.otiotin  ..prefect.  ..in_the 

,::Lt:f;:.or',5>jc_.,rrr'!'  G»*e/>. .tba_  Catpqtiu.  groenste  -\..ia_j!llc^*o;.';)ger  .Cert. ’tlea... 


This  fcnr.-it ion  .vats.  «krr*Ue  ■ in  Jate  JSrecrirfjrioa-t© . early-  Cm  briau -fcf r«.—  The  c«cU-to 

rL  tAMqrpbqrc  c!  .bas.jidvapcpc:.  to .^CUScMat-tattfis  arpblGL.  £ecl4UU-  .This —J 

u«if:,v_lj.nc  .ir.etf.frrr!,l,o;.<  d the.. b.'tr>ic_l«~va. into.  the.  minerals  cpidafcc.- 
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feldspar.  hornblende,  oh  3 or lie,  quart:-: , and  v.o\-  ccp.por  sulfides.  In  thi a art  u the 
Cntoctin  grconutonu  ic  considered  to  bo  13 » 00ft  fret  thick. 

Inter c parsed  within  the  cpidote  hornblende  greenstone.  or*  .oven a of  hi ;.h  chlorite 
greenstone.  Purple  phyllltc  also  occurs  in  the  0e  tor  tin.  greens:  l.  one . This  r-hyillte 
in  the  greener hj st  fc.cii  r>  netainorphipri  of  On  acid  lava . The  high  chlorite  greenstone 


end  chlo:-:  lie  her  been  wtsrorphou'. •'  fro.a  a chr.lt*  radii 
greuncehict  facies  w:ta  .wpUleia.  Th.?  Lynchburg  Cornet 
feet  thick.  Both  the  Cat cot in  greenstone  and  the  bync 


to  schist  or  3.1  l.te  by 
ion  >.:■  cent idered  to  he  i.*.00C> 
hLvvr;-  fur. ■"•'■.tit.'.!  vere  d<  p-o.  /.tret 


froa  an  offshore  volcanic  island  chain  to  the  east  of  this  aver 
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The  major  structure  pro cent  in  there  tsefcflj  .orphic  forro.f.i  one  here  is  r large  over- 
turned ant i c 1 i nor  iuin . The  eastern  leg  of  this  rnticlinorJ u::*  occurs  near  Culpej  rr. 

Site  No.  50  in  located  irt  lower  Cr.  toe.  tin.  greenstone  which  lies  above  the  to;:,  of  the 
Lynchburg  schist.  The  western  leg  of  the  antic 3.inor iwj  is  present  on  the  Live  Ridge 
Mountains  23  miles  to  the  west  of  Culpeper. 
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Tlie  older  Lynchburg  formation  occurs  l o the  west  of  the  Catocfctn  greenstone  ill 
f.ito  Vo.  50.  This  f s to  be.  expected  as  older  icrt.iP-t  ion V are  centrally  located  in  firs 
antic!  i.noriun.  However,  within  thin  larger  antic! i nor I wi  are.  antic]  l no  1 folds  that 
ore  generally  overturned  or  even  recumbent . Thin  folding  with  subsequent  land 
beveling  causes  an  i.ntcrcpors lug  of  the  Catoctln  greenstone*  asid  the  Lynchburg  schist 
and  phyllitc  in  complex  structures. 

Over  these  older  nets'.  orphlc  rocks  r»cdir?»»tn  of  Tri.or.sie  ape  wore  deposited. 
These  sediments  ore  in  a basin  I art  is  called  locally  the  Culpeper  Triarmi  c b-voln 
or  nationally  the  l,'ev.r  York-Vf rginin  Trlassie  harin.  This  Trias. sic  basin  extends 
iron  the  Palisades  of  New  York  to  northern  Albr-rr. wide  County , Virginia. 

This  Tri.r.rri.c  ope  basin  is  the.  result  of  a rift  valley  caused  by  uplift  to  the. 
east  (compression)  causing  tension  in  the  Culpeper  basin  area.  This  for..  o<5  a > < ft 
valley  with  terre  stir.l  and  lacustrine  sedij'xnit  deposited  in  this  basin. 
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Modern  examples  of  rift  valleys  are  the  rift  valleys  and  fresh  water  lakes  of 
central  and  northern  Africa. 

Formations  present  in  the.  Culpeper  basin  are  the  Manassas  sandstone,  the  Bull 
Run  shale,  the  Border  Conglomerate,  and  basic  dikes  and  flews. 

The  Manassas  sandstone  is  a light  brown  gray  to  brown  fairly  clean  indurated 
sandstone.  The  Bull  Run  shale  is  an  Indian  red  soft  shale  or  nil  tat one . The  Bordor 
C on glomerate  has  greenstone  and  granite  cobbles  and  gravels  in  a matrix  of  red  silt- 
stone  with  cal  cite. 

Generally  the  border  Cong]  or. crate  occurs  near  the  western  edge,  of  the  Trias  sic 
basin  but  at  Site  No.  50  the.  Manassas  sandstone  .and  the  Bull  Run  shale  occur  on  the 


VA  j.'iVO 


western  border  of  tbe  Triassic  cediv'enta.  Thin  ic  due  to  the  thrust  faulting  pro  ■; 
hc.vc  which  is  assumed  to  have  thrust  the  shale,  and  sandstone  over  the.  Bolde  r C«on- 
gl  operate . 


Previously  it.  was  thought  that:  the  western  edge 
normal  fault.  (Robei  (!*  1 . But  drilling  evidence 
assume  that  thrusts  are  present. 


of  the  Culpeper  basin  was  a 
shows  that  it  is  logical  to 


An  explanation  for  this  is  that  there  were  several  rift  valleys  present  in 
Virginia.  This  placed  the  outer  tension  areas  under  the  central  compression  arc: 
The  fact  that  there  are  Triassic  basins  occurring  between  the  two  outer  tension 
basins  (Culpeper  basin  and  Richmond  basin)  show  an  area  of  multiple  compression 
strains.  Among  these  smaller  Triass ic  basins  not  in  strike  with  the  two  larger 
basins  are  the.  Farmvil  le,  Keysville  and  Scottsvillc  Triassic  basins.  Areas  of 
multiple  tension  are  normal  for  the  formation  of  tnphrogcosync lines. 


J tm i.;  un,.  uni»v:r  Site*  Ko*  *J0  was  r.i.rc/c  sim \c  etna  l;o  le.no ion  vfth  findfir  * 

forming  in  the  rift  t.o  comp) i* ,c  the  f nphrogc  o sy  nc  1 ivtc . ) . ' !:■  r tbic  area  uno  Cr.b 

Jcctcd  to  cc-u  press ton  no  other  rifts  were  Cor;  *d  on  either  cldc  of  the  Co J paper 
Tr icv.n !. c ba sin. 

Ac  etttou  r.hocc  there  eve  font  fsetovo  t Ir.M:  have  con  rod  faulting  at:  this  c 
These  •".re  listed  as: 

1.  The  folding  of  the  Co  tree  tin  greenstone  into  the  great  antic J inoriun. 
Thin  could  cause  thrust  faults  to  occur  as  cor.ipresciro  '..as  involved, 
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2.  The  betiding  of  tlie  C.atocCin  greenstone  to  change  its  strike  from 
H 45°  E to  IT  j'j°  K.  The  forrer  strike  occurs  to  the  southeast  of 
Culpeper  on  the  southern  side  of  the  Culpeper  Trines ic.  basin.  Jhractly 
ho:.'  the  transverse  faults  were  emplaced  cannot:  he  determined  as  the 
hinge  area  is  beneath  the  Trirceic  basin.  v / 
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3.  The  tong  I ou  fault  inn;  caused  hy  the  emplacement.  of  the  Cu  ’•  paper 
Triassic.  basin.  It  v/.ss  former ly  considered  that  the  Culpeper  basin  was 
bordered  oh  the  vest  by  a norma]  fault.  This  lar^e  normal  fault  van 
called  the  Triassic  border  fault  by  Stose  (192T)  vho  considered  this 
fault  to  have  a displacou-cnt  of  6,000  feet.  f 


In  Culpeper  County  the  position  of  the  border  fault  is  considered 
to  the  cast  of  Site.  I’o.  50.  It  is  between  the  horde  r eon,r;3  overate  and 
the  shale  and  sandstone.  Thus  the  Trias sic  border  fault  is  overridden 
by  thrusts  displacing  Hull  Run  shale  and  Manassas  si  1 tr.tor.e  . Tansicn 
present  has  caused  transverse  faults.  These  transverse  faults  displace 
the  border  normal  fault  or  tbe  thrust  present. 


4.  Lastly, 
metamorphio 
first  under 


the  thrust;  faulting  of  the  Tr  lassie  sediv.  >nt:s  over  the  older 
rocks.  Tins  uas  caused  by  compression  in  an  area  that  was 
tens! ou. 
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It  can  be.  seen  from  the  geo  3 ogic  wap  (Sheet  2)  and  cross  sections  that  the 
faulting  under  Site  Ko.  SO  is  extremely  complicated.  The  Interpretation  of  the 
faulting  on  the  geologic  wap  ie  west  probably  incorrect.  However,  the  faulting 
is  so  intense  and  diversified  that  a cat  is factory  interpretation  cannot  be  given. 

Three  thrust  faults  are  thought  to  he  present.  The  upper  of  these  thrusts 
Manassas  sandstone  and  Bull  Run  shale  over  Catoctin  greenstone.  The  lover  two 
faults  thrust  greenstone  over  greenstone  and  mata-arkose.  The  upper  fault:  must  have 
been  i ir.pl accd  after  the  Culpeper  basin  was  formed.  The  lover  faults  r ay  hare  been 
imp  laced  in  post-liauacsas  tire  also. 

Soils  present  on  Site  Ko.  SO  are  complex.  They  range  fre.n  modern  alluvium  and 
bench  soil  to  residual  soil  frcri  sandstone,  ciltstone,  greenstone,  and  mica  schist. 

The  stream  pattern  is  strongly  entrenched  dendritic.  The  sides  of  the  valleys 
range  from  fairly  steep  rochland  slopes  to  gentle  residual  soil  elopes. 

Mcthc-dr.  a nd  Pro c r- d ur  rs 

1.  Standard  penetration  resistance  tests  were  conducted  in  the  drill  holes. 

Blow  count  \:ns  token  with  the  standard  140  pound  hammer,-  30  inch  drop 
and  2 inch  sampler. 

Blow  count  was  also  taken  on  the  drive  pipe  emplaced  with  a SCO  pound 
Karrncr  and  a 24  inch  drop.  The  ID  of  the  drive  pipe  is  3 3/4  inches,  the 
OB  is  4 1/4  inches,  and  the  0D-  of  the  coupling  is  3 incites. 

This  casing  blow  count  was  converted  to  standard  by  the  formula 


WX 


poos'  We. 
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11  - number  1>1  own 

E - energy  --  (weight  pounds)  inch  drop 
ID  - inside  diameter 
OD  --  outside  diameter 
Q - number  of  couplings 
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The  uuidber  2.  represent  g a factor  for  the  overage  <U  r.turbnnce  of 
toil.  Thtr.  would  be  or.:al lor  in  sandy  aliuviu;»  «n«l  larger  in  hard  rc 

coil.. 


the 

a ideal 


Standard  penetration  rec 
Con  e l at  i on  between  standard 
rot-dings  ware  fair. 


stance  'i«s  taken  «t  five  foot  Interval  a. 
reading  and  converted  casing  p nctiration 


2.  Constant  head  penT.eahi. 3 icy  't.chta  \.wo  its  court  u at  the 
thrill  run  in  both  toil  and  rock ».  To  obtain  the  correct 
a drill  run,  the  measured  gp.n  value  for  that  run  had  to  b 
froia  the  previous  run.  This  is  given  in  the  chert  na  the 
and  the  subtracted  gpn  value  for  the  run. 

The  form-ala  for  k used  where  an  open  run  of  hole  vac 


end  of  each 
va  1 ua  for 
a subtracted 
actual  gp.rt 

touted  is 


k - Cp  -V- 

Cp  it:  the  factor  for  the  diameter  and  length  of  the*,  cylinder  tested 
as  listed  in  the  Earth  lvir.ua.  1 , page  545. 

Q is  the  voter  Iocs  in  gpn 

his  the  height  of  the  top  of  cfslug  above  the  center  of  the  arcs 
tested  or  the  depth  to  the  water  tabic  if  this  i.:;  above  the  tested  area. 

In  a feu  c arcs  the  constant  head  permeability  test  war.  vutdo  through 
the  end  of  the  casing,  here  the  fon-iula  for  k la: 


k ■■  420  0 
rh 


Q is  the  \ aster  loss  in  gr-.i 
r is  the  radius  of  the  casing 
h is  a: ino  as  above 

Pcrtneabil  ity  tests  were  taken  in  coi  l in  the  area  cleared  by  the  spl  it 
spoon  sacpler . 

3.  Cacing  \.*as  advanced  into  rock.  This  was  loose  rock,  generally  fault 
breccia  that  would,  cave  v;  thoit  casing. 


A.  In  tent  p!tn  within  the  foundation  area  the  pocket  penetrometer  vns 
•mod  to  obtn'n  a vough  ert'vatc  of  the  bearing  strength  of  the  soil. 

These  readings  are  to  be  tab.cn  only  as  a guide . 

5 Ho  ’ s to  be  used  as  f 1 ' ' rraterial  are  cIcgg' f{od  according  to  the 
U.  S.  DeparttricnC  of  Agr  culture  Systran  of  sof  * chase'  f ’cation  in  addition 
to  the  unified  system  for  each  layer.  Tin*  use  of  the  former  soil  chicsifi 
cat  on  system  la  to  group  sol  it;  ’nto  sampled  divisions. 
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The  orvg'n  of  these  sot’s  are: 

Rucks  ser  cs  Deeply  weathered  residual  from  Tr  lassie  sandstone  and 

Glia’ c 

Lloyd  series  Deeply  weathered  residual  from  greenstone 

Wi’lccs  serves  Shallow  residual  from  greenstone 

li’vosk  series  Deep  red  residual  from  mica  cehist 

G’ene’g  series  • Moderately  deep  residual. from  snica  schist 

Ai’uvial  soil  occurs  in  the  stream  valleys.  It  is  generally  young 
w‘  th  an  established  profile. 

Augusta  scries  Low  terrace  alluvium 

Center  1J_ue  of  the  Dam 

The  center ’ ! ne  of  the  dam  ras  moved  1 69  feet  upstream.  Two  "dog  legs"  were 
p’accd  in  th's  new  centerline  of  the  dam.  On  (.he  right  abutment  at  station 
3-HS5  a 29°  angle  downstream  was  imp] aced  in  the  dam  ccrtori  Ine.  0:i  the  left 
abutment  at  station  9+50  a 24°  20'  angle  downstream  was  replaced  ,-u  the  dam 
center! i ne . 

Trtosolc  sediments  and  late  Prccambr van  greenstone  are  the  rock  types 
occurring  on  the'  centerline  of  the  dam. 

Bui’  Run  chn’e  and  overlying  Manassas  sandstone  arc?  the  formations  present 
on  the  right  abutment  from  station  l-i-05  on  the  dan  centerline  to  the  top  of  the 
dam.  These  Triassic  formations  are  thrust  over  greenstone  by  a fault  that  has 
22.5  feet  of  brcccLated  greenstone. 

Ee’ow  this  fault  b’ue  green  hard  greenstone  occurs.  At  stnt'on  2+17  on  the 
centerline  of  the  dam  a fault  imp laces  Manassas  sandstone  below  Cotoctin  green- 
stone. In  the  area  between  station  2+50  and  station  3+50  on  the  dam  centerline 
3 faults  are  present. 

From  station  7+75  to  station  R-150  on  the  clam  centerline  Catoctln  greenstone 
occurs.  This  formation  lias  interspersed  in  the  epidote,  hornblende,  chlorite, 
fe  dspar  and  quart?:  greenstone  areas  of  light  green  feldsparsite . 

Two  fnu’ts  occur  in  this  area.  The  move  northern  of  these  is  a low  angle 
fault  that  has  73.7.  feet  of  breceiated  material  dipping  southward. 

From  station  ■5+50  to  station  l’!50  on  the  dam  centerline  Cotoctin  chlorite 
cch'St  and  h gh  ch!or;te  greenstone  occur. 
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Above  the  Catoctin  eh'orife  sch*  ot  and  h • gh  chJorlt'n  grcenntono  Trlasni c 

stltstonc*  of  tlie  Bn1  1 Run  format: i on  occurs  to  the  left  of  station  11-150  on  the 

centerline  of  the  dam.  The  contact  between  theca  formations  i s assumed  to  be  a 

fault  contact.  The  fault  pinna  la  above  elevation  375.0. 
v 

Weathered  sandstone  talus  that  has  disintegrated  Into  a yell  o'.  7 red  and  red 
si.  ’ ty  sand  (S;I)  occurs  on  the  right  abutment  from  stati  on  3-1-75  to  the  top  of  the 
deu>.  Th's  so;  ' is  hard  moist  talus  coll.uvi.nin.  The  soil  ranges  from  23.0  to 

35.0  feet  in  depth. 

From  station  3*75  to  station  7**45  on  the  dam  centerline  alluvial  to  recent 
nl’uv'ai  soil  occurs.  This  soil  generally  has  3.0  feet  of  red  brown  KL  over  - 
lying  0 to  2.0  feel  of  gray  CL  and  3.0  feet  of  gray  wet  Si-1  or  CM.  The  alluvium 
ranges  up  to  *3.0  feel:  in  depth. 

Residual  so  1 weathered  from  fractured  greenstone  and  greenstone  breccia 
occurs  on  the  'eft  abutment  from  station  7- '45  to  station  1 ]-*-50  on  the  dan  center- 
line.  This  soil  has  generally  4.0  feet  of  yellow  red  clayey  silt  (ML)  over ’y ! ng 

3.0  feet  of  ye1 ’ow  red  silty  sand  (OK)  over  weathered  greenstone  and  eaproli fe. 

The  depth  o!  s u.  * ranges  from  0.0  feet  to  25.0  feet. 

From  station  i!-'50  to  the  cuts 'do  c-dge  of  the  emergency  spil’-vay  cut  residua1 

so i 1 weathered  from  si 1 tstone  occurs.  The  roil  has  3.5  to  8.0  feet  of  red  to 
ye ’ 1 ow  brown  hard  clayey  silt  (F.L  to  1-31  and  I!;!)  over  weathered  si  i tstone. 

To  investigate  the  centerline  of  the  dam  11  drill  holes  and  15  test:  pits  were 
emplaced.  The  dri  5 '■  holes  are  numbered  DH  41  through  DH  51.  The  test  pits  are 
numbered  TP  70  through  TP  32  with  TP  14  and  AT  201. 

Centerl*ne  of  the  Pipe 

The  center' ine  of  the  pipe  crosses  the  centerline  of  the  dam  at  station  4J-77.87 
on  the  center : i.ne  of  the  dam  and  station  J -1*34 . 30  on  the  centerline  of  the  pipe. 

These  center  H ues  i ntersect  with  an  ang’e  of  .'16°  04 1 . 

The  centerline  of  the  pipe  is  placed  on  the  Catoctin  greenstone  formation. 
Within  this  format 'on  a layer  of  purple  phylKtc  (metamorphosed  acid  ’ava)  occurs 
at  station  1+65  on  the  pipe  centerline. 

A fault  is  present  within  the  greenstone  from  station  2J  63  to  station  3-*43  on 
the  center'  *'ne  of  the  pipe. 

A second  fau’t  present  at  s tat ■ on  4-150  on  the  pipe  centerline  thrusts  Triassic 
sandstone  over  Catoctin  greenstone. 


Al’uv:a’  so*  ’ >’s  present  on  the  centerline  of  tlie  pipe.  Tin's  alluvium  has 
generally  3.0  feet  of  red  brown  sandy  silt:  with  day  (Ml.)  overlying  gray  clay  and 
sand  (Cl  and  fill).  )’c  ’ ow  this  is  wet  gravel  (CM  and  CM)-  Weathered  greenstone, 
weathered  greenstone  fault  brccc: a,  and  weathered  phyllitc  occur  above  the 
unweothcred  rock.  The  depth  of  thin  alluvium  find  weathered  rock  ranges  from 
6 0 to  1 3.0  feet. 


1 


' Chect\\  .,fV  + 

va  jv.‘j  a 

To  i nvost ' gate  the  center 1 ) nc  of  the  pipe  16  test:  pits  find  one;  drill  foie  were 
used.  'flu' r e test:  p:ts  arc  numbered  TP  30 1 through  TP  310  ; nd  TP  320  through  TP  324, 
The  dr l 1 1 ho’ e is  I1H  3!. 

Foundation 

Foundation  conditions  «-:p  proximate  those  conditions  described  on  the  center!  ine 


of  the  dam 

and 

on  t.i; 

;e  cento 

'•line  of  the  pipe. 

A di ffc 
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area 
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from  an  old  dam  foi 
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Th ) 
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, ri  found 
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covered  by 

at  ' 

east 
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t of  alluvium. 

Emergency 

dpi 

1 v;  ay 

The  cento 

: ' ? no 

of  the 

emergency  spi  ’ ’’way 

crosses 

( lie  center!  i 

ne  of  th 

f1  den 

at 

st  ation  l’+v’0  on  the  darn  centerline  and  station  3-!  38  on  the  centerline  of  the 
emergency  spillway.  These  centerlines  form  a right  angle. 

v The  on’y  known  ’ocation  in  the  emergency  spillway  where  unmeet bered  roc’;  occurs 

above  grade  is  at  station  l’+25  on  the  inside  edge  of  the  cut.  Here  in  TP  6,  8.0 
feet:  of  fractured  Tr’assic  sandstone  occur  above  grade. 

Up  st  ream  of  staton  4+25  on  the  Divergency  spillway  center  1 ins  residual 
v/cat hered  from  Catoctin  greenstone  is  present. 

Wi'hes  series  occurs  upstream  from  station  2+50  on  the  emergency  spillway 
center1 :ne.  Th  s :s  shallow  soil  having  1.5  feet  of  brown  to  yellow  rod  HI.  over 
weathered  fractured  greenstone. 

Lloyd  series  or  deep  greenstone  residuum  occurs  from  station  2+50  to  station 
4+25  on  the  emergency  spillway  centerline.  This  is  deep  greenstone  residual  soil, 
ft  has  3.5  feet  of  yellow  red  clayey  silt  (13.  or  1 HI)  over  at  least  4.5  feet  of  red 
brown  and  ye’  ’ow  reel  silty,  slightly  plastic  sand  (f!H) . 

Downstream  from  station  4+25  on  the  centerline  of  the  emergency  spillway 
Bucks  series  soi'  occurs.  This  soil  weathered  from  Tri  asr.;  e siltstone,  has  4.0 
feet  of  red  clayey  si.it  (HI.  or  Mil)  above  from  0 to  5.5  feel:  of  ye  1 1 ov;  brown  sandy 
si  t (MI.,  or  81!) . lle'ow  these  layers  is  highly  weathered  to  weathered  soft  siltstone. 

To  investigate  the  emergency  spillway  cut  15  test  pits  and  6 hand  auger  holes 
were  dug.  The  baud  auger  holes  are  numbered  All  210  through  AH  215.  The  test  pits 
are  numbered  TP  6 through  TP  14,  TP  201  through  TP  205  and  TP  105. 

Borrow  Area 

The  borrow  area  is  located  upstream  from  the.  centerline  of  the  dam. 

A’luv  a’  soi  occurs  in  the  flood  plain  area.  This  soil  has  generally  3.0  feet 
of  brown  MI.  and  2.0  feet  of  Cl.  over  layers  of  sand  and  gravel  (SM  and  CM).  The 
water  tub  e of  th*  n a’Hivi.um  ranges  in  depth  from  3.0  to  0.0  feet. 


va  ‘jr.'j  c 

On  Che  ri;>ht  side  of  l lie  stream  vn’Iey  steep  {jrconstono  rochland  is  present. 

Around  the  other  slope!.;  border  In;;  l lie  flood  pin  In  residua1  r.o  ■ i and  low  bench 
so' 1 occur. 

The  bench  col'  :s  Auguste  series,  'fir's  soil  lias  at  least  11.0  feet  of  rod, 
yeMow  brown  and  (pay  mottled  hard  clayey  nil  l v;i.  tb  rounded  grave’s  (HL) . 

The  residua ! soi1  weathered  from  jpeenstonc  is  the  Lloyd  vd  ies.  This  soil 
has  4 . 0 feet  of  red  hard  c’ayey  silt  (ML)  above  4.0  feet  of  brown  ye1  low  clayey 
s s t (lib).  Those  layers  are  above  nonplastic  yellow  silty  sand  or  s ' 1 1.  (Mi,  or 

SM)  . 

The  residua'  sod's  veolfcercd  from  Lynchburg  micas  schist  and  pby1,ite  are  the 
0 one':,  and  E '•  * oak  so!  ser'es.  These  series  are  genera  1 ly  o i mi  1 ar  with  t !.•• 

K os’:  series  redder  and  deeper  weathered.  These  soils  have  3.5  fed  of 

ye l1 or  red  to  In  o'.vi  ye ':  ' nw  sandy  si  U (ML)  over  at  least  7.0  feet  of  silty  sand 
(SM).  The  L’io.dt  and  Glenelg  ncr;cs  soils  are  leas  plastic  than  the  T.loyd  series. 

To  nvest  : pat  (*  t he;  borrow  area  37.  test:  pits  and  39  hand  reji.er  holes  v-.-re  dug. 
The  l<:.t  pits  are  numbered  TP  101  through  TP  132.  'fhe  hand  sneer  holes  a.re 
numbered  All  '35  through  AH  143  and  Ah  ’70  through  All  !9«. 

Rob..rt  s,  Joseph  K.  1923  Geology  of  the  Virginia  Tr'assi.c:  Virginia  Geology 
Survey  bull.  29  205  p. 

Stoce.  George  U:l1'.s,  '927.  Fossib’e  Post  Cretaceous  Faulting  in  tbo  Appal . •’dr' ant 
Geo).  See.  Amcr-'ca  Lu’l.  Vo1.  33.  no  493  404 
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The  th ' ckncss  of  the  layer  of  so!  1 that:  can  he  excavated  with  pans  wi  3 1 b? 
from  1 1 !?.  to  2 1 ,7  feet  less  than  the  depth  of  the  sot’  as  shown  on  the 
{ copach  imp.  Th  s \r‘.  1 be  for  the  fo1  low!  ng  reasons: 

a.  At  ’east  one  half  a foot  of  topsoil  will  have  to  be  removed. 

This  topso’ l i r 1 ’ he  one  half  a foot  thick  in  the  f:eldc  and  at  least 
a foot  thick  n wooded  areas.  Th's  greater  depth  in  the  woods  is  due 
•to  the  troub’c  in  removing  tree  roots  from  the  soil. 

b Heavy  equ ’ p vent  tends  to  nine  up  in  soft  a’  luv bin  before  the 
wafer  tab’e  is  reached . Thus  a pan  woidd  have  difficulty  even  cross  tit" 
a vet  hot  ton  although  the  water  tab'e  were  three  feet  below  the  surface. 

The  a1'uv;a’  so:  e;  i he  drained  v*  th  dliohos  Installed  after  excavation 
of  the  dry  fop  However  this  < a tine  c.onsni.d  n;;  and  is  not 

genera' 'y  done  by  ’oeal  contractors  except  in  eases  of  short  borrow. 


APPENDIX  V • STABILITY  ANALYSIS  SUMMARY 

Refer:- i e.;.  t->  Appendix  VI,  Reference  2,  the  condition.;  used  for 
sta.MI'f  v analysis  and  the  results  were  as  follows: 


W i '"h  of  crest:  14  feet 
Elevation  of  crest:  40G.0  ft. 

Down  ! ream  slope:  1 verticaL  on  2%  horizontal  to  toe  at  El. 
Upstream  slope:  1 vertical  on  2%  horizontal  to  El.  386.9 
1 vertical  on  10  horizontal  to  El.  385.9 
1 vertical  on  3 horizontal  to  31.  363.5 
Elevation  of  emergency  spillway  crest:  391.2’ 

Thickness  of  foundation  materials:  Upper  layer  - 4 ft. 

Lower  layer  - 4 ft. 


Seepage  drain  at  c/b  = 0.6 


363.5 


Soil  Data: 


Dry  unit 

wet  unit 

sat.  unit 

sub.  unit 

^cu  ^cu 

wt. 

wt . 

wt . 

wt . 

Item  Classification 

pc  f 

pcf 

pcf 

pcf 

degree 

psf 

Embankment 

Foundation 

ML-MH 

90.4 

115.0 

120.5 

58.0 

19 

1150 

upper  layer 
Foundation 

ML 

66.2 

— 

105.0 

42.5 

15.5 

800 

lower  layer 

SM 

86.3 

117.0 

54.5 

22 

150 

Loading  Condition:  Pool 

level  at 

emergency 

spillway  crest. 

Minimum  factor  of  safety: 


Maximum  drawdown  Maximum  steady  seepage 

Method Upstream  slope Downstream  slope 


Swedish  circle 


2.54 


2.10 


Sliding  block 


1.42 


1.50 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE  ' r ‘ 

SOIL  CONSERVATION  SERVICE  - Coi.l  Mechanics  laboratory 

COO  "j"  Street,  Lincoln,  Nebraska  68508 

SUiijlcT:  ENG  22-5,  Virgin Ju  VP-08,  Mountain  Run,  Cite  50  DATE:  February  9,  I97O 

(Culpeper  County) 

TO:  louis  G.  Button,  Jr.,  State  Conservation  Engineer 

SCS,  Richmond,  Virginia 


A 'J.TACI  ilD  .NTS 

J 

1.  Fonn  SCS- 35^a  Soil  Mechanics  laboratory  Data,  6 sheets. 

2.  Form  SCS-.120  and  SCS-12CA,  Concolidution  Test  Data,  2 tests,  6 sheets. 
3-  Form  SCS-127,  Soil  Permeability,  2 sheets. 

4.  Form  GCS-355A,  Triaxial  Shear  Test  Data,  4 sheets. 

5.  Form  DCS -35 2,  Compaction  and  Penetration  Rcsistanee,  12  sheets. 

6.  Form  SCS~357>  Summary  - Slope  Stability  Analysis,  3 sheets. 

7.  Investigational  Plans  and  Profiles. 


DISCUSSION  . ^ 

1 FOUNDATION 

l 

! A.  Bedrock.  The  bedrock  at  this  site  is  a complex  system  of  sandstone, 

I shale,  siltstone,  and  greenstone.  Faults  and  fault  breccia  zones 

j vere  encountered.  The  faults  are  considered  to  be  both  thrust  and 

j transverse  faults.  Refer  to  the  geology  report  for  a discussion  on 

the  bedrock. 

The  bedrock  on  the  right  abutment  is  mantled  with  about  17  to  20  feet 
of  weathered  sandstone  talus  and  fault  breccia.  In  the  floodplain 
section  alluvium  ranging  from  about  6 feet  thick  to  19  feet  thick 
overlies  the  bedrock.  In  the  left  abutment  residual  soil  and  saprolite 
ranging  from  about  10  feet  thick  to  about  30  feet  thick  overlie  the 
. bedrock. 

A significant  thickness  of  fault  breccia  was  encountered  in  DII  48  at 
£ station  8t-00.  In  this  test  hole  this  zone  extends  from  a depth  of 
• l8  feet  to  a depth  of  37*2  feet,  and  it  is  logged  as  coarse  to  medium 
sand-size  pieces. 

B.  Soil  Classification.  Nine  samples  of  alluvium  were  submitted  from 
the  centerline  of  dam  and  the  centerline  of  the  principal  spillway. 

The  alluvium  is  logged  ns  GM,  Si,  CL,  and  MI..  The  samples  submitted 
contain  from  15  percent  to  99  percent  fines,  and  they  are  classed 
as  SM,  ML,  01, -ML,  and  ME. 

Three  samples  of  residual  soil  and  saprolite  vere  submitted  from  the 
lower  left  ubutment.  Sample  26-1,  representing  weathered  greenstone, 
contained  85  percent  plus  No.  4 size  material  ns  received;  Sample  25-1, 
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Louis  S.  Button,  Jr.  2 

Sub  j : EKG  22 -5,  Virginia  V.T-08,  Mountain  Run,  Site  50 

representing  material  nt  the  surfuce,  contained  79  percent  fines;  and 
Sample  24.1,  representing  an  intermediate  zone  of  weathering,  contained 
39  percent  fines. 

The  gradation  of  these  samples  is  shown  on  the  attached  Form  SCS-354 
along  with  Atterberg  limits  for  some  of  the  samples. 

The  log  of  borings  shows  that  some  of  the  alluvium  contains  ho  to  60 
percent  plus  No.  4 size  material. 

C.  Density.  Nine  hand-sampled,  undisturbed  cores  were  submitted  to  the 
laboratory.  Seven  of  the  cores  are  from  the  alluvium  and  two  of  the 
cores  (31-1  and  31-2)  are  from  a zone  described  as  weathered  sandstone 
talus.  Test  specimens  trimmed  from  the  cores  submitted  had  the 
following  densities: 

Density 


Sample 

Classification 

g/cc 

PC  f 

309-1 

SM 

1.32-1.41 

82.4-88.0 

322-1 

ML 

1.33-1.37 

83.0-85.5 

324-1 

CL-ML 

1.43-1.45 

89.2-90.5 

21-1 

ML 

1-53 

95-5 

21-2 

ML 

1.44 

89.9 

29-1 

MH 

1.24  \ 

77-4 

29-2 

SM 

1.65 

t.SS 

103.0 

31-1 

ML 

1.00-1.08 

62.4-67.4 

31-2 

ML 

1.14-1.20 

71.1-74.9 

D.  Shear  Strength.  Consolidated  undrained  triaxial  shear  tests  were 
made  on  Samples  309"!  and  31-1  • The  natural  water  content  was  well 
below  theoretical  saturation,  so  the  test  specimens  were  soaked  prior 
to  testing  and  the  degree  of  saturation  was  in  the  range  of  90  percent 
on  two  of  the  specimens  from  Sample  1028  (309-I)  and  82  percent  on 
one  of  the  specimens.  These  specimens  contained  fairly  large  pores, 
which  we  think  resulted  in  the  low  degree  of  saturation.  The  degree 
of  saturation  of  the  specimens  from  Sample  31 “1  were  in  the  range  of 
91  to  96  percent  of  theoretical.  The  shear  parameters  have  been 
interpreted  as  ( - 22°,  c = 150  psf  for  Sample  309~1>  and  0 = 15*5% 

c = 800  psf  for  Sample  31-1 • 

E.  Consol Ida  tlon.  Consolidation  tests  were  made  on  Samples  322-1  and 
324-1.  We  had  intended  to  make  a consolidation  test  on  Sample  309"! 
also  but  we  could  not  salvage  enough  sample  after  the  shear  specimens 
had  been  trimmed.  The  test  data  indicate  that  both  Sample  322-1  and 
324-1  have  been  preconsolidated  slightly. 
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• The  data  indicate  that  for  the  loading  range  planned  a consolidation 
potential  of  about  0.0^  ft/ft  may  be  expected  for  material  like 
Sample  322-1,  and  0.05  ft/ft  may  be  expected  for  material  like  32^-1. 
Eased  on  the  consolidation  that  occurred  on  the  triaxial  test  specimens 
from  Sample  309“1,  about  0.06  ft/ft  may  be  expected  for  this  type  of 
material.  Some  of  the  materials  ore  not  represented  by  samples  and 
tests,  but  based  on  the  present  data  we  suggest  an  average  value  of 
O.O5  ft/ft  be  used  to  represent  the  alluvium  for  computation  purposes. 

F.  Permeability.  Permeability  measurements  were  made  on  the  consolidation 
specimens,  and  the  data  arc  shown  on  the  attached  Forms  SCS-127.  Cut- 
off through  the  alluvium  is  planned,  however.  The  investigation  report 
points  out  tiiat  the  primary  concern  with  foundation  permeability  at 
this  site  is  in  the  fault  breccia  zones  which  occur  to  depths  in  the 
range  of  h0  feet. 

EMBANKMENT 

A.  Classification.  Seventeen  samples  of  available  borrow  materials  from 
the  emergency  spillway  and  from  the  borrow  area  were  submitted  to  the 
Laboratory  for  testing. 

Four  samples  of  soil  and  two  samples  of  weathered  bedrock  were  submitted 
from  the  emergency  spillway.  The  soil  samples  submitted  contain  from 
C\ 5 percent  to  88  percent  fines.  Two  of  the  samples  are  classed  as  MH 
and  the  other  two  are  ML.  The  sample  of  weathered  siltstone  contained 
95  percent  plus  No.  h size  and  the  sample  of  weathered  greenstone 
contained  86  percent  plus  No.  h size  as  received. 

Three  of  the  samples  submitted  from  the  borrow  area  contain  25  percent 
or  less  fines  and  they  are  classed  as  SM,  SP-SM,  and  GP-GM.  The 
. remainder  of  the  samples  from  the  borrow  area  are  fine-grained.  They 
contain  from  6h  percent  to  95  percent  fines.  They  are  classed  as  ML 
and  MH.  The  ML's  have  liquid  limits  of  35  to  Vj  and  Pi's  from  5 to  l6. 
The  KH's  have  LL's  of  56  to  89  and  Pi's  of  22  to  h2.  Two  of  the 
samples  are  intermediate  between  ML  and  MH.  They  have  liquid  limits 
of  50  and  Pi's  of  15  and  l8. 

B.  Compacted  Density.  Standard  Proctor  compaction  tests  vere  made  on 
twelve  of  the  borrow  samples  submitted.  The  tests  were  made  on  the 
minus  No.  4 fraction.  The  maximum  dry  density  obtained  on  the  SM  was 
10-t  pcf.  The  ML's  lind  maximum  dry  densities  from  91*5  pcf  to  107  pcf. 
The  maximum  dry  density  of  the  MH's  ranged  from  80.5  pcf  to  97-5  pcf, 
and  the  maximum  dry  densities  obtained  on  the  samples  classed  as  ML 
or  MH  were  95  and  97*5  pcf. 

The  weathered  Lcdi'ock,  the  SP,  and  the  GP-GM  represent  small  quantities, 
and  compaction  tests  were  not  made  on  these  camples. 
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C.  Shear  Strength.  Consolidated  undrained  triuxlul  .‘.hear  tents  were 
made  on  Samples  111-2  und  154-1.  It  is  considered  tliat  the  tests  on 
these  two  samples  /jive  a good  representation  on  about  65 , Of '.)  cubic 
yards  of  the  proposed  110,000  cubic  yard  fill.  The  test  on  15 '<-1  is 
considei'ed  to  be  representative  of  Sample  120-1  and  171.-1  as  well. 

Tie  tests  were  made  at  95  percent  of  Proctor  density  with  a decree  of 
saturation  in  the  ranee  of  about  93  to  96  percent.  Tie  shear  pa- 
rameters obtained  are  ^ - 23-5%  a = 1250  pcf  for  Sample  112-1,  and 
(J>  - 19°,  c = H50  psf  for  Sample  154-1. 

SLOPE  STABILITY 


The  stability  of  the  proposed  slopes  van  checked  with  a Swedish  circle 
method  of  analysis  and  with  a sliding  block  method  of  analysis.  The  bed- 
rock was  of  course  assumed  to  have  adequate  strength  for  the  embankment 
planned  and  breccia  zones  are  described  us  too  hard  to  drive  sample,  so 
these  were  also  assumed  to  have  adequate  shear  strength  for  the  analysis. 
The  alluvium  is  quite  variable  and  irregularly  stratified.  The  data 
indicate  that  the  EM  like  Sample  3C9~1  is  the  most  critical  from  a shear 
strength  standpoint,  and  although  the  most  extensive  deposit  appears  to 
be  downstream  from  the  base  area,  there  are  thin  deposits  in  both  DH  320 
and  T?  29.  For  this  analysis  the  alluvium  was  represented  with  a four- 
foot  thickness  of  0 - 15-5°^  c = 800  psf  material  overlying  a four-foot 
thickness  of  0 - 22°,  c = 150  psf  material. 

The  sliding  block  analysis  showed  the  lowest  factor  of  safety  for  the 
proposed  slopes.  With  the  full  drawdown  condition  assumed,  the  2 l/2:l 
Over  3:1  upstream  slope  has  a fuctor  of  safety  of  1.42.  Tie  2 l/2:l 
downstream  slope  with  the  steady  seepage  condition  assumed  and  a drain 
at  c/b  =0.6  has  a factor  of  safety  of  1-50.  A summary  of  the  stability 
analysis  is  attached  on  Forms  SCG-357  and  315A. 

CONCLUSIONS  AND  RECOMMENDATIONS 

A.  Site  Factors.  Tne  bedrock  at  the  site  has  been  subjected  to  consider- 
able faulting  and  there  are  some  fairly  extensive  breccia  zones  that 
are  suspected  of  being  quite  variable  and  highly  permeable  in  some 

. places.  Because  of  the  intense  nnd  diversified  nature  of  the  fault- 
ing, very  little  is  known  about  the  actual  conditions  of  the  bedrock. 

It  is  considered,  however,  that  there  is  a very  good  possibility 
that  high  seepage  losses  may  occur  through  the  fault  zones. 

B.  Cutoff . Because  of  the  uncertainty  regarding  the  foundation  conditions 
Rt  this  site  a deep  cutoff  trench  has  been  proposed  to  remove  much  of 
the  greenstone  fault  breccia.  The  cutoff  trench  depths  proposed  in 
the  field  are  shown  on  the  attached  Form  SCS- 315 > sheet  8 of  10.  Vie 
concur  with  the  proposal  for  a deep  cutoff  trench  to  (l)  insure  cutoff 
in  this  unpredictable  foundation,  and  (2)  because  of  the  necessity  of 
providing  an  inspection  trench  to  determine  the  drainage  requirements 
for  protecting  the  embankment. 
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Material  like  Samples  ll^i-l,  120-1,  15^1-1,  ami  171 -1  is  preferred  for 
backfill  because  it  is  expected  that  it  would  be  easier  to  work  with 
than  the  MM  material.  We  cutest  that  the  backfill  material  be 
compacted  to  a minimum  of  95  percent  of  standard  Proctor  density 
with  a placement  moisture  content  near  optimum. 

C.  Pri nc ipn 1 Spillway.  The  proposed  principal  spillway  location  crosses 
the  centerline  of  dam  at  about  Station  1**75 • The  alluvium  overlying 
bedrock  and  weathered  bed lock  ranges  from  about  5 feet  thick  to  about 
8 feet  thick.  The  test  data  available  indicate  a consolidation 
potential  in  the  range  of  0.05  ft/ft  may  be  expected  in  the  alluvium. 

The  channel  crosses  this  alignment  near  the  upper  end  and  ve  suggest 
that  the  conduit  be  excavated  to  at  least  the  depth  of  the  channel 
to  provide  a uniform  foundation. 

The  potential  horizontal  strain  at  ground  surface  at  this  location  is 
expected  to  be  in  the  range  of  0.006  ft/ft. 

D.  Drain.  The  bedrock  has  a complex  faulting  pattern,  and  the  geologist 
indicated  that  the  faulting  was  so  intense  and  diversified  that  in- 
terpretations based  on  present  data  were  problematical  at  best. 

Ve  think  that  the  conditions  at  this  site  warrant  a fairly  extensive 
drainage  system  even  though  a deep  cutoff  is  planned.  Tentatively 
we  suggest  a wider- than-normal  trench  drain  tint  bottoms  on  bedrock. 

The  location  will  be  somewhat  variable  in  the  floodplain  section 
depending  on  the  slopes  required  for  the  cutoff  trench.  The  final 
determination  of  the  drainage  requirements  can  be  best  determined 
after  the  core  trench  is  excavated  and  the  conditions  have  been 
determined  by  actual  inspection. 

Vith  the  cutoff  planned  the  foundation  seepage  that  will  be  of  concern 
will  be  through  the  bedrock  or  the  breccia  zones.  Ve  suggest,  therefore, 
that  you  consider  a pervious  drain  fill  such  as  A STM  No.  78  or  89  coarse 
aggregate  for  the  drain  with  a transition  zone  like  AS1M  fine  concrete 
aggregate  between  the  embankment  material  and  the  coarser  drain  fill. 

E.  Embankment  Design. 

1.  Placement  of  Materials.  Ve  suggest  selective  placement  of  materials 
during  construction  to  restrict  the  placement  of  the  Mil  material 
to  the  interior  sections  of  the  embankment  where  it  will  not  be 
subjected  to  wetting  and  drying.  Tne  SM,  SP-SM,  and  GP-GM  like 
Samples  152-1  and  152-2  could  be  best  utilized  in  the  downstream 
section  of  the  fill  to  facilitate  drainage  within  the  embankment. 

The  Mb's  m ,y  of  course  be  used  in  either  the  center  or  the  exterior 
sections  of  the  fill.  With  the  exception  of  the  GP-GM  (152-2)  and 
the  weathered  bedrock  from  the  emergency  spillway,  we  suggest  that 
all  of  the  embankment  materials  be  placed  at  a minimum  of  95  percent 
of  standard  Proctor  density  with  the  control  based  on  the  minus 
>.  1*  fraction.  Placement  moisture  content  should  be  near  optimum. 
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rj'ne  vcathorod  bedrock  from  the  emergency  spillway  represents  a 
small  quantity  and  it  can  probably  be  utilized  above  the  phreatic 
line  in  the  downstream  section.  A methods  specification  could  be 
used  for  the  weathered  bedrock  and  the  GP-GM. 

2.  Slopes.  The  data  and  analyses  indicate  that  the  proposed  2 l/2:l 
over  3:1  upstream  slope  and  the  2 l/2:l  downstream  slope  have 
acceptable  factors  of  safety. 

3.  Settlement.  Ve  suggest  an  overfill  allowance  of  1.0  foot  to 
compeiisate  for  residual  consolidation  in  the  fill  and  foundation. 


Prepared  by:r\ 

lorn  P.  Dunnigan  v5 

Head,  Soil  Mechanics  laboratory 
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